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Abstract

Goliath’s Cave is developed in the Ordovician
Dubuque and Stewartville Formations of the Galena
Group in Fillmore County, MN. The cave currently
functions as an epigenic karst system with allogenic
surface water sinking into the cave and a vadose
stream running through the cave and resurging at
springs a few kilometers away. Passages in the cave
are locally controlled by vertical joints in the nearly
flat-lying carbonate bedrock, but the water flow
directions often do not correspond to the systematic
joint directions. The cave contains straight, jointcontrolled passages that appear to pre-date the current
epigenic drainage systems. These old passages
contain hypogenic features and are connected and
modified by distinct, younger epigenic passages
– often with very sharp transitions back and forth
between the two passage types. The epigenic flow
incises vadose canyons into the hypogenic passages.
The hypogenic passages represent ancient, deep,
compartmentalized flow systems that predate the
present topography. The concept “ancient” is poorly
constrained, however. These ancient cave passages
are being reactivated by epigenic processes, while
undergoing destruction by general erosion of the
landscape.

Introduction

The Devonian, Ordovician, and Cambrian sedimentary
rocks of southeast Minnesota (Mossler, 2008) host
a variety of caves, sinkholes, sinking streams, blind
valleys, large springs, and other karst features. The
formations are relatively flat-lying, dip regionally to the
southwest at a few m/km, and have been above sea level
and subject to erosion since mid-Cretaceous time. All
of southeast Minnesota has been glaciated several times
during the Pleistocene but has not been covered with
ice during the last two major glacial cycles. The highest
concentration of karst features is in Fillmore County
along the southern border of Minnesota. Fillmore County
contains more mapped karst features than all of the rest
of Minnesota combined (Gao et al., 2005).
The major cave systems in Fillmore County are
concentrated in two different stratigraphic intervals
within the Galena Group. Joint-controlled maze caves
occur in the Dubuque and Stewartville Formations (the
upper red-marked range in Figure 1). Many of these
caves currently feed surface water into the subsurface,
via sinking streams and infiltration through sinkholes
and the soil, and function as flood water mazes.
Examples of this group include Mystery Cave (the
longest cave in Minnesota), Spring Valley Caverns,
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Holy Grail Cave, and Goliath’s Cave. Caves of
the second group consist of dendritic stream
caves feeding major springs and are developed in
the lower Cummingsville Formation, about 65 m
stratigraphically below the first group (the lower
red-marked range in Figure 1). The second group
includes Cold Water Cave in Iowa (the longest
cave in the Upper Mississippi Valley Karst) and
Tyson Spring Cave, Bat River Cave, and Pine Cave
in Minnesota. These caves function to transfer
groundwater back to surface streams via springs.
Both types of Galena Group caves currently
function as epigenetic systems, contain clear vadose
passages and features, and their formation has been
explained by previous workers as examples of
epigenic speleogenesis. Prompted by Alexander
Klimchouk’s hypogenic speleogenesis models
(Klimchouk, 2000, 2007), we are in the process
of reexamining the first type of Galena caves
for evidence of early hypogenic speleogenesis.
This work presents our initial observations from
Goliath’s Cave.

Goliath’s Cave

Goliath’s Cave is located in S½, N½ of section 3
of York Twp. (T101N, R12W) in Fillmore County,
Minnesota. The western portion of the known cave is
under the Cherry Grove Blind Valley Scientific and
Natural Area (SNA) in the SW¼, NW¼ of section 3
and is owned by the State of Minnesota (see Figure
2). The Cherry Grove Blind Valley accepts drainage
from about 2 km2 of crop land and pasture via Jessie’s
Kill, a first order stream that sinks in the southwest
corner of the SNA, via four tile drain outlets along
the north edge and northwest corner of the SNA, and
via surface sheet flow from all sides. The natural
sinkhole entrance to the cave is gated, locked, and
is located at 4,825,889 m N, 559,133 m E, (UTM,
zone 15). The subsurface drainage in Goliath’s Cave
is easterly. The eastern portion of the cave is owned
by John Ackerman’s Minnesota Cave Preserve and
is accessible via a locked, 76 cm diameter drilled
shaft (David’s Entrance) at 4,825,750 m N, 559,452
m E, (UTM, Zone 15). The current mapped extent of
the cave is 3.62 km (2.25 miles) and exploration is
ongoing.

Figure 1. Stratigraphic column for southeast Minnesota. The red bar labeled 1 is the stratigraphic
range of joint-controlled maze caves such as Goliath’s Cave in the Dubuque and Stewartville
Formations. The red bar labeled 2 is the stratigraphic range of the dendritic stream caves in the
Cummingsville Formation. The cave streams in Goliath’s Cave resurge in Canfield Big Spring in
the lower Cummingsville Formation. Modified from Mossler (2008).

202

NCKRI SYMPOSIUM 5

14TH SINKHOLE CONFERENCE

Figure 2. Composite map of Goliath’s Cave.
The passages in the northern SNA portion of Goliath’s
Cave are developed mainly in the Dubuque Formation.
The entrance passage from the bottom of the entrance
sinkhole (MN23:D04986) is a ~ 40 m crawl way that can
fill rapidly with water and is closed for several months of
each year. The walls of many of the passages are broken,
angular Dubuque Formation, formed by breakdown.
The passage floors are breakdown blocks, secondary
sediments, or flowstone. The ceilings of some of the
large passages are smoothly sculpted surfaces formed
by solution (see Figure 3). At the eastern edge of the
SNA, the northern passages descend to stream level, the
Rubicon, which is in the top of the Stewartville Formation.
Dye traces have demonstrated that the Rubicon drains the
northern SNA passages of Goliath’s Cave and the surface
water inputs to that part of the cave system.

demonstrated that the water from the sinks of Jessie’s
Kill, sinkholes, and surface infiltration in the southern
SNA branch of Goliath’s Cave drain via this feeder
stream. The side tributary is the last significant input of
water to the Rubicon.

The passages in the Minnesota Cave Preserve in the
eastern portions of Goliath’s Cave are developed in the
Stewartville Formation. Most passages have solutionsculpted ceilings and walls, and they either have
solution-sculpted bedrock floors or floors covered with
thin layers of mud, sand, gravel, and cobbles. An active
vadose stream flows easterly along the Rubicon passage
(see Figure 4).
The Rubicon extends about a kilometer. A major
tributary stream joins the Rubicon from the southwest
a few meters downstream of David’s Entrance. Under
normal flow conditions that tributary is the primary
source of flow in the Rubicon. Dye tracing tests have

Figure 3. Solution-sculpted ceiling and Dubuque
Formation breakdown walls. Photo taken before
the June 2008 flood by Art Palmer.
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few meters leads to a well- developed 2+ m high upper
level that roughly parallels the lower stream passage.
Open crevices in the floor of the upper level connect to
the lower stream level at several points.
The ceiling of the upper hypogenic passage has a complex
solution-sculpted ceiling, containing closed cupolas that
remained dry in the June 2008 flood (Figures 9 and
10). The vertical ceiling joint in this part of the passage
contains secondary deposits of chert, which are rare in
vertical joints in the Stewartville. A few tens of meters
past the waterfall in the lower stream, the upper level
passage abruptly ends, and a parallel, smaller, 1-2 m high
passage continues eastward. This section of passages does
not have a solution-sculpted ceiling. The passage ends in
some cross joints near the edge of a surface valley wall.
Cave Stream Monitoring
In March 2008 a Campbell CR10 data logger was
installed at Goliath’s Cave with a pressure transducer

Figure 4. The Rubicon upstream of David’s
Entrance, Stewartville Formation. Photo taken
before the June 2008 flood by Art Palmer.
A few tens of meters downstream from David’s Entrance
the straight Rubicon Passage ends in a bedrock wall. A
low oval passage with a sediment floor continues to the
northeast and after a few meters the passage abruptly
changes back to an easterly heading. From there a 2+
m high walking passage continues with a bedrock floor.
The walking passage extends for about a kilometer in
a joint-controlled passage (see Figure 5). The stream in
the bottom of the passage progressively incises a sinuous
vadose channel into the floor. The gradient of the stream
increases steadily eastward.
Near the middle of the Rubicon, the vadose stream has
incised to the point that the Rubicon becomes two levels
vertically. The stream in the lower vadose channel drops
over a 1-2 m cascade, steepens further, is actively carving
several 0.5-1 m diameter potholes, and then drops over a
5 m waterfall. From there the lower passage becomes a
wide stream tube that is filled almost to the ceiling with
water. Downstream from the potholes an up-climb of a

204

NCKRI SYMPOSIUM 5

14TH SINKHOLE CONFERENCE

Figure 5. The Rubicon ~ 200 m east of David’s
Entrance, Stewartville Formation. Photo taken
before the June 2008 flood by Art Palmer.

and a conductivity and temperature probe in the
Rubicon Passage at the bottom of David’s Entrance. A
tipping bucket rain gauge was installed on the surface
adjacent to the shaft entrance. Data was recorded every
half-hour. The data logger monitored conditions in the
cave stream, with some gaps due to sensor failure, until
March 2011. Hydrograph, thermograph, chemograph,
and precipitation records are shown in Figure 6.
The data logger recorded the effects of four spring snow
melts in 2008-2011, the spring, summer and fall rains,
and a relatively stable period from the summer of 2008
to the snow melt season of 2009. Recharge events, snow
melts and precipitation events, cause rapid changes in
water flow, chemistry and temperature. All of the recharge
events send low conductivity, aggressive waters through
the cave system in discrete pulses. The spring snow melts
send pulses of cold water through the cave streams. These
pulses are only a few hours wide and can lower the cave
stream water temperature down to about 1 °C. The base
flow stream temperature is about 9 °C. Warm summer
rains raise the temperature in the cave streams up to about
17 °C, again in short duration pulses.

In late May 2008 a warm rainy period began that
culminated in a 7-8 June 2008 deluge that deposited
35 cm of precipitation in 24 hours onto the blind valley
and its surface watershed. Mud and debris lines in
the cave indicate that the cave filled to the ceiling all
the way to the eastern end of the upper level Rubicon
Passage. Mark Seeley (2009, written communication),
the Minnesota State Climatologist, stated that this
storm has a probability of <0.1%, corresponding to a
probable recurrence interval of 1000 to 2000 years. The
resulting major flood exceeded the Cherry Grove Blind
Valley’s water intake capacity and overtopped the Blind
Valley. The pressure transducer over-ranged, but when
the site was visited a couple of days later a clear “debris
ring” was visible in the entrance shaft 11.5 m above the
bottom. The stream passage at the bottom of David’s
Entrance is ~ 2 m high. The rapid response of the cave
stream in Goliath’s Cave to surface runoff and shallow
vadose flow through field tile drains that empty into
the blind valley is illustrated in Figure 6. The flow,
temperature and conductivity of the cave waters all
record the strong epigenic function of the current water
flow system.

Figure 6. Stage, temperature, conductivity and rainfall, David’s Entrance, Goliath’s Cave.
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Cave Morphology
It is the morphology of the cave passages that preserves
the original hypogenic speleogenesis of Goliath’s Cave.
There are two end-member types of cave passages
which are most evident in the Stewartville passages
in Goliath’s Cave. Both types are joint-controlled,
but their morphologies are different. The transitions
between the two types are often abrupt and not related
to any visible changes in bedrock lithology, water flow,
or breakdown.
The apparently older passages are discontinuous and
end in blank bedrock walls. The old, large passages
have complex ceiling features, many of which did not
fill with water during the June 2008 flood. The old
passages often have solutionally enlarged cross joints.
The complex ceiling features and cross joints include
many of Klimchouk’s (2007, p. 36) “morphologic suite
of rising flow” (MSRF) indicators. There are rising
chains of cupolas (both in ceilings and in side joints),
complex half-tubes (some of which display crosscutting relationships at joint intersections) and ceiling
outlet features (see Figures 7 and 8). These passages
appear to be hypogenic with epigenic overprints.

Figure 7. Rising cupolas to a small outlet feature.
Width of view ~ 2 m. Photo by Matt Covington.

The apparently younger passages are typically smaller
than the older passages and connect the older passage
segments into the current, integrated epigenic flow
system. These younger passages empty into the older
passages both at floor level and from perched openings
in the walls of the passages. Where the present cave
stream flows through older passages, the stream
frequently is eroding a sinuous vadose canyon in the
bottom of the older, straighter passages to form a
passage with hypogenic features on the ceiling and
upper passage walls; and epigenic features on the lower
walls and floor. Many of the floors of the epigenic
passages are bare, solution-sculpted Stewartville
bedrock. The cross joints in the young passages
display little if any secondary solution enlargement. In
the eastern end of the Rubicon there are several small
potholes actively eroding into the epigenic floor of this
mixed passage.
In contrast, the floors of the older passages are often
armored (covered) with sediment. The sediment ranges
from fine-grained muds to coarse-grained gravels and
cobbles (Figures 4 and 5). The cross joints in the older
passages are often enlarged by solution.
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Figure 8. Ceiling tubes feeding to a potential
outlet feature. Width of view ~ 0.5 m. Photo by
Matt Covington.

“Knobblies”
When the Stewartville Formation was being deposited
the original Ordovician carbonate sediment was
pervasively burrowed. The burrows were backfilled
with carbonates with different dolomite contents than
the original sediment. Those fossil burrows can be
seen in freshly-quarried, unweathered surfaces of the
Stewartville as a gray mottling. Differential solution
(Palmer, 2007, p.155, Fig 6.44) produces a very rough
wall surface in the Stewartville Formation. Palmer notes
that Wyoming cavers refer to such surfaces as “velcro”.
Minnesota cavers refer to such surfaces as “knobblies”
or “Stewartville knobblies”. They are an unambiguous
field marker for the Stewartville Formation.
As (Palmer, 2007, p. 155) noted, the knobblies occur
in two different apparent morphologies: 1) as smooth,
solution-sculpted surfaces with cm to mm holes, or 2) as

Figure 9. Ceiling bells and channels that
remained dry in the June 2008 flood. Width of
view is ~ 3 m. Photo by Matt Covington.

solution-sculpted surfaces with a jagged array of sharp,
cm-scale projections. Palmer (2007, p. 155) suggests
that “burrows project outward where they were formerly
buried beneath cave sediment, but they are indented where
they have been exposed to the cave air for a long time.”
In Goliath’s Cave the smoother version of the knobblies
are found on the walls of the older Stewartville passages.
Palmer’s suggested mechanism, condensation corrosion,
is certainly possible, but several other mechanisms are
also possible. The relatively smooth, pitted version of the
knobblies could have been produced by slow, phreatic,
laminar flows or by repeated wetting during flood events.
We do not see evidence in Goliath’s Cave for Palmer’s
mechanism for the formation of the jagged, projecting

Figure10. Solution enlarged side joint with rising
cupolas. Note flood line. Width of view is ~ 2
m. Photo by Matt Covington.
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knobblies under sediments. We find that the sharp,
jagged knobblies characterize the walls, ceilings and
floors of the Stewartville passages occupied by currently
active streams. In many passages the knobblies grade
from projecting to smooth from the bottom to the top of
a given passage cross section (for example, see Figure
4). We note that the scale of the burrows is roughly the
same as the scale of eddies that form in the turbulent
flow through the passages. Thus the jagged knobblies
have a similar scale to the scallops expected to form in
the passages. Furthermore, many of the jagged knobblies
appear very similar to scallops. Might the walls be
“resonating” at the worm burrow scale length to produce
the jagged projections? That is, given that the scale
of variation in the rock and the scale of turbulence in
the stream are roughly the same, it is possible that the
turbulent flow becomes coupled to the rock variation
scale. Independent of the specific mechanisms, our basic
hypothesis is that the smooth knobblies record laminar
flow conditions while the jagged knobblies record
turbulent flow conditions. Note that slow flow conditions
would be expected for both the hypogenic formation
hypothesis and the floodwater formation hypothesis,
since both hypogenic water and backed-up floodwater
would typically have low velocities. However, we also
note that smooth knobblies are found in ceiling bells that
remained dry during the June 2008 flood.

Results

Using the logic and observations above, we have
assigned many passages in Goliath’s Cave to one of

three categories: 1) Hypogenic passages, 2) Hypogenic
passages significantly modified by epigenic processes
and 3) Epigenic passages. The spatial relations of these
passages are shown in Figure 11 and the “Fig.” labels
show where Figures 3-5 and 7-10 are located. The
undesignated passages are ones that the authors have not
yet visited.
Karst processes in southeast Minnesota have a long
geologic history starting syndepositionally in these
Ordovician carbonates (Alexander, et al., 2013).
During most of these intervening 400+ million years,
the carbonate rock was above sea level and subject
to groundwater circulation. The current surface and
subsurface drainage to the Mississippi River system
did not exist for most of that geologic history. The
groundwater flow systems before the development of
the Mississippi River drainage system unavoidably
produced karst features. It is not surprising that some
of those old features may still be observed in southeast
Minnesota caves.
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